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SUMMARY
, . The detaliled design for a shutter mechanism which is

i
q
&

§reqqn;ed appears praqtical. The,tharmnl_efchtivnhess of the

shutter is shown to bg-dbout éghivalent to,twb_low émiésrvity coatings.

It is shown that the use of a thermai'ahﬁ;tgr_involvegia}rc

ey i

: rela;iveiy large weight péﬁalty.: Although reguirgd mountiﬁg-;izé '

f increl.es, the scan“réductiqn ﬁehiltj is neglfgtﬁle. It'iivfelt

el

' that i‘chnnlzaﬁibh of the?shﬁtter.in vacuum is achievable,

e [

oot e
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I. INTRODUCTION

The scanning nature of the "T System" lends itself to the concept

~of occluding the photographic window except durihg the scan cycle, If
_the occluding mechanism presents a highly reflective surface to incoming

thermnl radiation, incorporation of such a mechaniam reduces the total -

heat flux paasing through the window into the equipment bay.

The feasibility of such a mechanism was investigated The implica- [
tions of utilizing such a thermal shutter were analyzed The design

= of-a<suitab1e shutter mechanism was undertaken and design integration

with the window system'wae accomplished. This report serves as a

summary of these aetivities.
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I1. IMPLICATIONS OF USING A THERMAL SHUTTER

This section contains a diacussion and analysis of the most

salient aspecta which must be considered in evaluating the incorpora-

.-tion of a thermal shutcer as part of the window configuration.
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_ Weight:

Design studies place the weight of each shutter mechanism at about

12 pounds. Two separate shutters would be required, ona’fon.each; -a:-

:ivindow system. In additiom, there will be a small increase in weight of

the window mount.

. . . - .
Becauae the thermal shutter requires a cooling bar and rollers to

be located ‘at the sides of the shutter gap,,the overall width of the .

'g:window system must be increased over the width required fot a shutterlesa
jsystem.T For the present hatch contours the maximum width of the window
‘?ystem can be 22 75 inches. Designn indicated that 6 5 inches in addition
| to the free aperture of the window are required for mounting s window

N incorpotntiug a shutter. Figute II-1 shows the tesultnnt free eperture

of the‘dﬁter glazing and corresponding unvignetted angle of scan for the

.. "T System" located with the scanning prism at various distances from the

““ihﬁdf glazing of a three glezing window system. Present design parametere

indicate that the priem may be located 1.25 inches from the inner glazing..
This results in a scan teduction of about 1 degree on each side.
Reliability:

It is felt that the reliability of the thermal shutter mechanism ‘
'ean be made congistent with the reliability of the overall syetem. However,

since it is an active system, a window with a shutter is invariably less

| reliable than a purely passive, shutterless window system.

2 I I
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" Location of Shutter Mechanism:

The function of the shutter is to intercept radient energy and

minimize the amount of heat flux entering the equipment bay. In deter-

mining the location of a thermal shutter, the configuration of the window

'.":',~ .&}

eystem mst be examined. In a three glazing configuration, the cooling

air located in the inner gap 18 used to remove the heat flux which

Fats f-j:

_fpenetrates the two outer glazings. Since the third glazing is itself
. e

' relatively Opaque of the wavelengths of the incident heat radiation,

Bz

' ‘the location»of the reflective shutter in this i‘coo. ing yould serve no
, A -
useful purpose. The outer vacuum gap is designed to eliminate heat trane-

~fer by conduction and convection. The shutter installed in this gap would

e

?servezto partially limit heat transfer by radiation across the gap.u This

;would result in a lower temperature of the middle glazing, and would

g

reduce the cooling air requirement in the inner gap. The relative

» jeffectiveness of a thermal shutter located in the vacuum gap iz analyzed

»in a following section.

Mechanism in Vacuum:

The necensary location of the shutter in the vacuum gap requires

,,,‘

special attention to two aspects. The drive mechanism must pass through

! *i- P

the vacuum seal without impairing the quality of the vacuum. Furthermore;
bearings capable of operating in the hot-vacuum environment must be used
Preliminary_studiee indicate that the use of a hermoflex as & pass-through

~mechanism is satisfactory. The technology of bearing lubrication in . a

i
]

vacuum has recently been‘advanced to the point where satisfactory lubricants

are now available. However, the primary effort by bearing menufacturers

'Pege 5
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*
has not concerned itself with the out-gassing effects of these lubricants,
since the intended use has been for the infinite wvacuum of outer space.
Barden has beea consulted and has provided samples of bearings which they

feel will mot out-gas enough to destroy the vacuum, These bearings are

" going to be tested in our laboratory.

Mountiqg Considerations

“#;+ " The installatlon of the shutter in the vacuum gap m;kg. the mounting e aw

af the glazings a more complex problem, since the ring which normally ,

1

, , , : 4 Pi
The sealing of the two glazings to accomplish a permanent hard

* vacuum has not yet been accomplished for either the shutter or non-shutter

\_window Bystemo The use of an ion exchange or gettering pump may be

required to maintain the desired vacuum level in either system. ‘If
such an auxilliary pump is required, introduction of the ahutter mechanism

should not increase the complexity of the vacuum problem.f'

Thermal Effect of Scanning Aperture:

The glazing interior to the shutter ie'heated as the shutler
aperture scans across‘it. This has the effect of producing a thermel;
wave which cap be considered to travel along the length of the glazing.
The exposure of each image point is aecomplished by rays traveling through this
thermal wave. However, since the exposure time le in the order of 1/50
second, the movement of the thermal wave may be considered negligltle
as seen by each image point. Exactly what this Optlcal effect will be
has not been calculated. | |
fhe temperature rise of the glaziné due to each shutter.scan has

been calculated as a function of thickness. For a‘eonfiguratlon contain-

= 1“8 Ond\ﬂpmmd-l’otﬂbbmlﬂ@glﬂﬁhﬂ WB!IMMM@MM& edge

of the shutter aperture variea linearly from about 4.5 to 0.9 farenheit
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degrees from 0.01 to .5 inches thickness respectively.

" Page 7

- Approved For Release 2002/07/10 : CIA-RDP67B00944R000100060001-1 -

~

T~



|

Y
o

P J

Ei D i ,j

kisis G

iy

A

B e

B

|

R S n: N
el

Approved For Release 2002/07/10 : CIA-RDP67B00944R000100060001-1

" TII ADVANTAGRS OF INCORPORATING A THEEMAL SHUTTER -

SV R

i This section presents the»é}r‘gli\ént advantages which are

- Page g
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e

. The incorporation of a thermal shutter affords two principle

advantages. By its use, a reduction in the required number of low

'emissivity coatings can be affected without increasing the total heat

,;‘ transfer through the window system. On the otha; hand incorporation

of the shutter without elimination of the coatings, reduces the heat

B transfer to the inner glazing.

) The effectiveness of the shutter when used with various

. coatings is compared to the shutterlass cage in the table below, where

the quantitiea given are the resulting effective emissivity of each’
: 'L.M

cqmbination.‘ A complete analysis is contained in Appendix B.
Surface
Emissivity €, €. €, €, €,
 Condition .2 o2 .2 .8 .8
No Shutter .11 .19 .67
Shutter 019 .032 .11

* In the case where heat transfer to she inner glazing is

reduced, the heat removal requirement upon the cooling air in a three

window configuration is reduced. This can manifest itself by the proper

manipulation of the cooling air parameters, in a reduced lateral thermal

“gradient.

In the two window case, when no cooling air gap is provided,

‘ifthan 1£ no shutter were present.,

: the reduction of heat transfernresulting from incorporating a shutter,

- will maintain the interior glazing at a lower steady state temperature

Approved For Release 2002/07/10 CIA- RDP67800944R008,031 000960001 -1
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" IV SPECIFICATIONS US@ IN DESIGN OF THERMAL SHUTTER

‘. .
\
. . N

© “'This section contaivn_s_t'he' hpécifiicati'bng"ffor the shut.te;("r

A dle's'ign"'which'were,reiéas_ed to subcontrastors. These specifications were

| ,éubgl'imented by verbal communications and freque'n; design me»eti'.ngs.‘ '

This apprbach was used in order to maintain shutter design consistent

with the changing mounting and spaceé requirements.

Page 10
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. GENERAL SPECIFICATIONS FOR THE

RECIPROCATING cmmm MECHANISM

Prepared by} \ AN

Date: January 18, 1960
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% .
GENERAL SPECIFICATIONS FOR THE RECIPROCATING CURTAIN MECHANISM

Environment
The cuftaj.n 18 located in a vacuum area. Associated equipment must necessarily
also be located in an extension of this vacuum area. The degree of vacuum is of

the order of_10'3

to 10"°mn mercury. _ S A
The mechanical mount or ftamg which contains the curtain mechgniqm_wil{ b§

subject to a s&vere thermal enviroiment. The anticipated thdtmal\ringe’is -20°

‘=:3v¢of30d° F. The curtain will bperatg at the upper end ofvtﬁiq :angeﬂdutiﬁg the

?i S
ﬁf ) ,

'bééhﬁideredvas<th9 operating environment.

L]

major portion of its use, If possible, 500° F instead of 300° F should be .~

":ngéqghlfﬁgption

The curtain will be required to pass between two pleces of glass. At no

" time can the curtain be allowéd to contact either piecé of glass.

An sperture in the curtain is required vhem the curtain is travelling in one
direcgion. When the curtain is returned, the aperture should be closed. The size

of the required aperture should vary for different positions across the glass.

| This variation in aperture will be a function which can be built into the mecﬁhnism

and will always be the same as a function of position along the glass.

The speed o f the curtain or rate at which the aperture must traverse the
glass must be made continuously variable. Tﬁe synchronism and rate will be controlled
by an external input, which 1is discuesed in more detail under the "Curtain

Position Synchronization'" section. The spproximate range of curtain rates are

‘2.7 to 8.3 inches per second.

Page 12
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Curtain and _Aperture Program

A plot of position with respect to one edge of the glass plate, for

each edge of the aperture as a function of principal shaft i'otation, is the manner

in vhich program data shall be presented for design o f the controlling mechanism,

Such a plot will allow determination of non-linearity of either edge of aperture.

_with respect to position along the glass plate and will allow calculation of

required aperture size with respect to position alvong the glass p‘laﬁe;

. Diféctiéti of‘; Travel

" : Present tequitements are such that two models of the curtain mechanisnia may
vbe required. One model shall be required to operate with the apertuxe travelling
from the centerline (Figure 2) outward * The other will be required to operlte
1 in t:he Oppooite direction; from outward toward the centerline. COnnideration

o shouldl be given to the possibility of incorponting this requirement i‘nt;o one

" basic mechanism which can be set to function one way or the other. A possible

solution would be to make the shutter package symmetrical so that it would fit in=
_ y
to the mounting frame with either end toward the centerline.

Time of _ Cycl‘c

A complete cycle ig defined as a traverse of the ci'irtain across the glass
plate .and the subsequent return to the starting position. The required traverse .
of the open aperture begins with thé rtrailing edge of the curtain aperture
coincident with one edge of the clear sperture of the glass plate and ends with
the leading ei!ge & the curtain aperture coincident with the other etiga of the

clear aperture of the glass plate. This part of the complete cycle can be

referred to as the exposure period. The remaining poftion of the cycle can be

' Paga 13 .
- Approved For Release 2002/07/10 : CIA- RDP67800944R000100060001 1



N S
v JeS———

. ] E«_,,“

i

Approved For Release 2002/07/10 : CIA-RDP67B00944R000100060001-1
-3 - .

. ]
referred to as the rewind period. The relation of the exposure period and

rewind period to the complete cycle is given by:
88
Exposure Period *180 cycle

92
180

Rewind Period = cycle S D

, Cycle‘timevvnries apprcx imately from 3.6 to 11.2 seconds.

jﬂModes of Qperation

The curtein mechanism will be required to operate in two modes of operation.

i ;Hode 1 will be operetion of the curtain between the two glass ;iates, but the

'inperture will remnin closed throughout travel 1n both directions. Mode II will

-‘».\l - 1-’.‘

. be. operation of the curtain with the apetture functioning according to the program-

" med | pattern during trevel in one direétion only. It shall remain closed during _

the_return sweep.

Size of Curtsin and ééerture
: Tbe size o f the glass plata presented in Figures 1 and 2 are only spprox-
imate nnd should be used as a general guide only. t_ :
| The_aperture size will be about 10 inches wide and vary from‘about 6.5 to

4.5 inches along the direction of travel.

Curtain Position Synchronization

" It is recommended that the curtain servo system incorporate synchro

”resoiver for position control. The input signal would be one to ome with

the principnllshaft o the overall system. The curtain is requtred to perform
one cycle per 90 degrees rotation of the principal shaft. Hence, the curtain

should perform four complete cycles per one resolver revolueton . Since the

Approved For Release 2002/07/10 : CIA-RDP67BOOQ44R000m%qu‘m-1
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input would be linear, the curtain mechanism wodld be required to generate

the non-linear control function.
For purposes of prototype manufacture, the followin; should be considered:
Kearfott Co., Inc. - Synchro resolver #R 982-012, specified for

200° ¢ operation. ‘ .

' ‘When installed for operation, the mechanism will be entirely inaccessible

;“fof adjustment, observation or control. A11 control functione must be mnde _
.i:fcutomacic and adjustments preset, except for the following external controls

f;¥and adjustmentn'

. DEf=On
uode I- node 8 , -
Curtain position eynchronization signal

These functions will be controlled by incorporation with the overall systam.

’VCool_gg:of Curtain

Tha curtain itself will intercept infrared radiation and will, therefore,

Al

 ﬁe_sub3ect to heacing.” Provision should be made to be able to remove this heat,
;“in dtder to maintain the curtains at constant temperature, both with'respect to

L its length and with tespect to time. Cool air will be .available to pass through

sealed rollers o shoes.

3@§§qti¢g‘ of Curtain

- The curtain must Be.mﬁdd of such a material and be so designed as to allow

"a thin coating to be applied to the lower surface. The°purpose of such a eoating

v:will be to act as an infrared reflector. An evaporated aluminum coating may

be used. Precuations should be taken so that such a coating will not be scratched

or rubbed off.

- Approved For Release 2002/07/10 : CIA-RDP67B00944R000100060001-1
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If necessary, the upper side of the curtains may be coated with a material

of high thermal conductivity. The purposé of such a coating would be to aid in

removing any accumulated heat frgm the curtain to a sink.

Size and Weight
~ Figure 2 will serve as a preliminary guide to available space for the
. . 1'

' curtain mechanism. = As the mounting deaign progresses, coordination with tespect

to space allocation will have to be maintained

';LA deaign pbjective should bg minimimum wgight;

Additional §2 ce - 'i. _  1 | B
'Additional space 13 available outside the vacuum area, but remote from
’;1the cuttain mechanism, for placemcnt of electronic devicec, 1f required. The

.;onvironment in such an area is nbout 5 psia and 120° F.

‘Vlﬁtagioq
. The entire curtain mechanism may be subject to a severc‘vibrationai environ-
men:fdﬁfing its opaeration. More data on the frequency and amplitudo of this

vibration will be submitted if and when required.

An attempt should be made to maintain curtain mechanism operation as vibra-

tion free as possible, and strong transient shocks should be avoided.

Pmnr_

28 volts d.c. is available as a powver source. A limited amount of 400
cycle, 115 volt power may also be available, but should not be considered for

this application unless of significant advantage.

?

Page 16
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Reliability and Life

The curtain must be designed in such a manner that there an never be a

failure during actual operationm. A failure is defined as a malfunction which

would either cause the curtain to break or remain open, or which would cause the

aperture to lose position synchronization with the input signal. Loss of

‘vacuum also constitutes failure.

Prwparational aervicing to insure such rel,tability is poulble. . The min-

imum mmber of cycles between serv;lcings muct be at least 4000.‘ Life of the

-mechanism ahould be at least 100, 000 cycles.

Mditional quormat 1on '

Thc following additional data will be made available as soon as poalible.

1.

2.

3‘

. 4.'

Plot of leading and trailing edgo of Qerture vs. principnl shaft
rotation.

Size of glass p_lhtes and required clear aperture. |

l"irﬁ date on required ap&twa velocity range.

Pirm date on required vacuum.

N Aflditional drawvings of space avaﬂability‘baaed on coordinated .

space requirements.

Firm data on cycle time.
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V PROPOSED. DESIGN OF THERMAL SHUTTER

By:

This section contains the-technical report submitted by

in fulfillment of the shutter design

subcontract,

Page .20
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February 26, 1960

REPORT ON CURTAIN SHUTTER DESIGN

I. General Description ’ .

This shutter is to consist of two curtains of hard
rolled stainless steel, ,0013 inch thick. Each curtain has a

rectangular portion and two ribbons extehding from it, as shown

‘in Fig. I. The edge at which the two ribbons jJoin the rectangular

. . ’
portion:'is reenforced by a slightly thicker metal strip formed as

shown in Fig. 1I.

s,

y These curtains will be supported on four rollers 1in

ot

the manner shown in Fig. 1I1. The exposure aperture is formed

‘between the two reenforced edges. By adjusting the .two rollers

carrying one of the curtains relative to the two other rollers,

.-the aperture can be opened and closed and made to vary in width in

a predetermined manner. This adjustment is imparted by the driv-

_ing mechanism.,

The curtain rollers contain long helical springs and-

are similar in construction to the familiar household shade rol-
le}s. This construction is shown in longitudinal section in
Fig. IV. - These rollers will be supported to rotate on precision
ball bearings of a type very recently developed by the Barden

Company for use in vacuum,

Approved For Release 2002/07/10 : CIA-RDP67B00944R000100060001-1
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REPORT ON CURTAIﬁ SHUTTER ﬁt’lﬂl - 2, ‘ February 26, 1960

3

The curtains will operate in the i inch sp&ce between
two of the glass plates of the main window assembly. They will be
guided at their edges to keep them in the middle of the space even

under fairly high accelerational foroces. o
: N

-
;

The springs in'th.'curtain,rollorslkill be wﬁund in
qbpbsition to each other so ;s'fb place the curt;ihs‘uﬁdér a ten-
'sion of the order of Qix pound‘s.' This is to 'bo- done in orc’l‘erv 'to"
_%oop the curtains flat even when they are subsectod to vibration_
and‘accolerationél‘fqrces. One of the ;prings in oaoh'bair of
.roliersuﬁill be wound toﬁﬁ'foniion‘sonowhat highor than fhe other,
so that each curtain tends to move in the direction of the roller
ééntaining the more strongly wound spring. The two curtains will
"tend to move in the same direction.l

The driving and controlling mechanism wilf\be attached

to the rollers containing the less strongly wound spring. During

* the exposufg part of the cycle this mechanism will operate to move

the curtains in the direction opposite to that in which the springs
tend to make them move. During the return part of the cycle it
will permit the curtains to move baék under the influence of the
more strongly wound springs. During this return part of the cycle
the aperture between the roonforced edg;s of the &urtains will be
closed, with the edges ovorlappiné about .25 inch.

The curtains and théir supporting roilors; including

.the helical springs, will be in the evacuated space. The
]
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REPORT ON CURTAIN SHUTTER DRSIaGN - 3, ‘ February 26, 1960
connection between the roeller shafts and the driving mechanism

will be made through two "Hermeflex"™ hermetic rotéry seals as made

2

by the Kearfoett Company, Inc.

The driving and controlling mechanism operates through

.two cams and cam followers which coumunicate_mOtion through trains
of gears to the Hermeflex couplings and through'fhem to the shut-

ter rollers, These two cCaAms are on é'common shaft which is driven

one revolution pof éycle by a servo'motoé. A synch;o resolver.
éeafed to this cém.shéft sends a positional signal‘back to the
s§£vo sy;tem and thus makes ig possible to-coﬁtrol thé'éyciing'
rate 6fithe‘§hqtter as doSired..‘ |

One of the two cams, which may be called the main dri?e
cam, imparts to both curtains the pfincipal forward and backward
motion by which the edées of the curtains traverse the entire
length of the supporting frame in each c;cle. This motion is

imparted by direct gearing to one of the curtains, hereafter re-

. ferred to as the follower.curtain. It is imparted to the other

curtain, the 1eadingicurtain, through.d planetary gear differen-
tial. The gearing is such that as long as the adjustment of the
differential is unchanged the two curtains are caused to travel

back and forth with a constant distance between their edges.

The second cam, which may be called the s%utter opening

. cam, operates through'the differential to control thb opening be-

tween the edges of the curtains, During the return movement of

the curtains the aperture is closed with the edges slightly

Approved For Release 2002/07/10 : CIA-RDP67800944R00016’8'&?0&0‘,1 -1
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N
»

overlapped, as stated above. Just before the beginning of the

T

’
exposure the shutter opening cam rotates the sun gear of the dif-
ferential in such a direction as to move the leading curtain ahead

o of the follower curtain a distance equal to the dobired|1nitia1

opening of the shutter., During the exposure this cam operates th@

sun gear of the differential through -small anglqs sufficient to.

cause the opening between the two curtains to féllow the law ex-

L a

3 pressed in Perkin-Elmer s drawing entitled "Shutter Opening
* ‘ ’,datod 1/19/60 After the end of the exposure‘the-cam rotates the

% ’ , sun gear in the proper direction to cause the leadlng curtain to

"'slov down and reverse its motion while tho follower curtain con-=

tinues to move ahead rapidly, thus closing'the_aperture. During

i{), S G
~
3

the greater part of the return motion of the curtains the shutter

© T

Oponing cam holds the sun gear of the differential stationary in a

‘}‘ position which establishes the desired small overlap of the cur-

tains, shutting out light entirely during this part of the cycle,

The proper time relationship between the two cams is

established permanently by the fact that they are attached to the

¥ same main drive gear. '
An additional control is provided by which the curtain

opening cam mayibe temporarily rendered inactive. This consists

j of a small auxiliary motor, a gear train, a spring, and a lever

urged by the spring which moves the pivot point of the cam follower

When this pivot point is

associated with the curtain opening cam.

in the position to which it is moved by the action of the spring

§ - . - ' K
. Pagc 24
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REPORT ON CURTAIN SHUTTER DESIGN - 5. ) February 26, 1960

and lever, the cam follower roller is out of contact with the cam
durlng its entire rotation, and the gear to which the cam follower
is linked is rotated into contact with a stop which holds it in a

9051tion such that the sun gear of the dlfferentlal 1s in its po-

sxtlon correspondlrg to the completely closed curtaln aperture.. 

Thls condition is establlshed whenever ‘power is removed from the

utlllary motor. -1n thlS state of affalrs the maln drive cam can

-:,,oi—k.

[y

aad -

3cyoteietha1 18, no exposure wxll‘take wlace. When power is dpplled

“'to the auxiliary motor it overpowers the-spring¥and returns the

fad

pivot point of the cam foliower Lo the position in which the

4 g - : . .‘

I follower is in contact with the cam and transmits the curtain

b T ! ' ’

openlng action as previously described.

i ’

X

- v, wetzileu oescraption of Jrive slechanism

J The dri . : ,
The Grive mechanism as a whole 1s shown in rfirg. Vi,

- a

Fipe V1 contieans three views of the drive mechanism, The bottom

e e

Vivw shows the motor drive gear train and the main train uf gears

wlticly actuates the backward ana forward movement of the curtains

S

under Lhe cuntiro: ol thae maln Arive can, The ~eryvo wmotol 18

; mounted ot Lhe "axtrcwe ettt l{~ shaft carries a 135 tooth, Y6
s SO, U Legree OIS SUre Al e peal. A 90 tuvoth, 96 pirtech pear,

s urovide s toome sy with o thier omutor pinion, and on the shatt of

ol vt ot dn o taatiy, w4 pitceh, 20 degreec | ressuse oty

i | ' ' Pa e 25 . -
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- REPORT ON CURTAIN SHUTTER DESIGN -~ 6. ' February ?6, 1960
# gear is mounted. This me;hes with a 108 tooth gegr which in turn

has a 21 tooth, 64 pitch gear mountea on its shaft. This shaft
?1 has an auxiliary supp;rt plate to carry the bearing {S‘which it is
N supported on the end nearest to the 21 tooth gear. ~This support
é} ;ir-plate 1s'shown in sectlon in the top vxew on thls sheet. | /
1 ‘-«::l ' :5 A 112 tooth, 6l dlametrdl pltch gear acts as a bridge
4 :‘“‘between the 21 tooth gear and the LHO tooth, 64 pltch gear whlch‘m
@ carrle: Lhe two cams. B o &
i . L . -

“The derlng ratlo betueen the motor shaft“and the

E l. "'j’,’lUO';v';‘bo;tﬁ’:gear which carries the ..two cams 1is | ;
? ﬁ ; ‘J_ B %g X %%g X fio whichlequﬂls ZEO

1f tbe servo motor is operated at L4000 rpm, whlch is at its most
J ~erficient point, it will impart to ‘the 140 tooth gear a rotational

speed of 16-2/3 rpm, or one revolution in 3.6 seconds. This is

-: x, j

the shortest cycle time specified and represengs the condition

under which maximum power will be required from the servo motor.

s

erating less efficiently, less

a

4t slower rates when the motor 1is op

oo

power will be required by the mechanism,

The main drive cam which has what might be described as

‘-i’- n ot

a lop-sided kidney shape drives a sector of a 175 tooth, 64 prtch

gear. Thias sector carries the % inch diameter cam follower roller

E; ]

betkeen two side plates which are riveted to the gear. 7This sec-

o
\

N
i

tor drives a 50 tooth gear which is on the same shaft with a_

117 tooth gear. Three further step-ups of speed in the ratio of

A

I: - . co B ] . .
j | Approyed For Release 2002/07/10 : CIA-RDP67B00944R0001000600t£% 26
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‘bearlngs which support four’ planetary gears each having 28 teeth,
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REPORT ON CURTAIN SHUTTER DESIGN - 7. . February 26, 1960
117 to 50 bring.the motion to a 42 footh gear whose shaft is
linked through one of the Hermeflex couplings to the controlling
roller of the following curtain 5ystem. .

The flnal 117 tooth gear in this system carries end

7

'

h'of 6U dlametral pitch. A plate slightly smaller'in diameter and

+

‘Spaced i inch away from this gear carries the other: bearings for -
these planetary gears. The two plates are spaced apart by four
b"smallustuds placed between the planetary gears.h These studs aref

riveted 1nto the 11? tooth gear and are threaded ‘at thelr opposxte'

ends to receive screws which hold the Opp051ng bearlng plate in
position; _‘
. ~

The 117 tooth gear and the 50 tooth gear which is
in%egral'with it on one side and the bearing plate on‘%he other
eide of;this assembly_carry bal] bearinge by means of.which the
assembly can rotate freely on a shaft which carries a 28 tooth,
GL pitch gear which is the sun gear meshing with the four
planetaries.

The raised ring on the il? tootn gear and a similar
raised ring on the opposed bearing plate have a space between them
of .130 inch in which is placed u ring gear having 117 teeth on
its outside diameter and an 84 tooth internal gear on the inside
diameter. This &4 tooth gear meshes with the four 28 tooth

planetary gears so that this ring gear is carried around by them

if the bottom 117 tooth gear rotates and thus trdnsport« the

Approved For Release 2002/07/10 : CIA-RDP67B00944R000100060001-1
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} REPORT ON CURTAIN SHUTTER DESIGN - 8. February 26, 1960

¥ i

planetaries. The ring gear will also revolve around the four

ﬂ planetary gears if the sun gear 1s rotated, \If'the sun gear 1is

_ held fast and the bottom 117 tooth gear is rotated carrying the

oy

é planetarles around with 1t, the ring gear will make/four revolu- . i
. ntions for every,three revOlutionstade by the bottom 117 tooth f-

{ 'Tﬁ*éear because 1n traveling once around the,sun éear each of the

? '.iplanetarles is driven through one revolution dbOutvltS oilo 1n'

4 . o _ P ; ,

addltlon to 1ts motlon of trans]atlon,'and therefore the movement

v-i' .-i;"i' 3

“.Jlnternal gear, ﬁf 8h teeth + 28 teeth or- ll teeth for‘each revo-

G

Gl

f the 117 tooth gear<“ %ﬁf %.

i e _fv because of this step—up of speed through the differen-

vllution

. &
“tial, absumlng that the sun geur is held fixed, the rlng gear on

PR
aanetisl

lts outer 11? tooth diameter must mesh with a 62 tooth gear, not a

»

b4z too{h:gear on the second shaft which connects t&r0ugh the

P |
i

Hefmeflex coupling to the controlling curtain roller of the lead-

ing curtain system., With the gears as shown and above described,

T

-

the rollers of the following curtain and leading curtain will make

Pt

the same number of revolutions as the drive mechanism propels
them, The‘arithmetical relationships in the gear system will be

discussed furthe; in a separate section of this report,’

. . . . . AN
The curtain opening cam and its associated cam follower

E. R .fi', -

and gear train are shown in the middle view of Fig,. VI, This cam

Bozs

consists of two pprfions'each-of which approximates a constant

. . .
radius connected by a transitional drop and rise.

. & Tl

fage 28
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!

o |

The cam follower which is a steel roller 3/% inch
diameter is curried between two side plates which form a lever

arm pivoted at one end on a shorter lever arm which is held on a

-

transverse shaft passing between Lhe two side plates of the mech-
’ . A
I

.tﬁlauibm."ut the upper end of this lever arm it is connected to a

==

P Jine whicli passes across the top of the cam tu a gear sector which
. . . . 3 B - .
‘ . _

e parL QF,a 252 toothi, G4 pitch gear of 4 . inch face., This gear

sector has its bearing in ‘a sleeve mounted around one end of the

’hgft whjéh provides Lho;bﬁabing-for thérl75 footh sector that
g'-f f_véﬁrfjpsjthé cam follower for the other -cam.

As thrS cam. is rotated, it moves the 250 tooth sector

back and forth and this motion is transmitted through three step-

up systems, each consisting of a 48 tooth géar‘and a 96 tooth gear

et
[

to finally actuate a 37 tooth gear which is on the shaft of the

28 tooth sun gear of the differential. Motion of the 250 tooth

. ';-.'\ .|

sector geayr and the other gears of this train in the directions

s

indicated 'in the drawing causes the ring gear of the differential

‘to move forward in the same direction in which it is propelled by

e v

the drive from the main drive cam when it is on the rising part of
] its curve. Thus an increase in the diameter of the part of the
curtain opening cam which is under the cam follower causes the

- »

leading curtain tojmdve ahead of the following curtain, thus

Lo

creating an opening between the two curtains, Conversely when the

aasa

cam follower is on the smallest diameter of the curtain opening

cam and when therefore the 250 tooth gear sector is in the position

A,k

A _ '
3 / - Approved For Release 2002/07/10 : CIA-RDP67B00944R0001 550007 -1
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. is ellmlnated entirely and there is an overlap of Approxlmately

25 ip¢h.,'

g, J‘I ‘ .

351tion in whxch, it 1s shown b),the SOlld lines of the draw1ng.

éhaft of Lhe short lever just referred to are shown in Fig. V1 .-
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. ’
shown by the dotted lines at the bottom of this middle view of
Fig;.VI, the 37 tooth gear and the sun gear attached to it are in

such a p051t10n that tbe opening between the two shutter curtalns

e )

A serles of falnt circles and dotted 11nes show thev

7? d1rect1on ln whlch the lever whlch carrles the bottom bearlng of

1 ”"!_" .

‘e

7,Th¢s aux111ary motor and the gear traln by -hxch it drlves the

The p051L10n assumed by the cam follower 1ever assoc1ated

with the curtaln opening cam_when power 1is removed from the auxil-

iary motbr is shown in dotted lines. The path of the highest point

of the cam is shown by a light line indicated by an arrow and a

note on tue drawing. 1t may be seen that the cam follower is out

of contact with the cam throughout the entire rogtation of this cam,

- The transmitted action of the sﬁrlngs in the curtain rollers will

driye‘the 250 tooth gear to the right‘untll it reaches the position
shown by the dotted lines, resting dgainst one éf the cross support
studs of the frame as a limit stop, and this brings the gear train
and the sun gear of the differential to-the positions in which
fhere 1s no curtain opening. AS long as the curtain opening cam

follower iLs displaced in this manner, there will be no curtaln

: Page 30
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cation of power'to the auxiliary motor will return the cam follower

'predetermined by the cam shapes shown.

'ates by whlch they can be made 1n the macthe shnp.
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~

opening at any point in the cycle, but the two curtains will be

driven back and forth in a constant overlapping relationship by

the action of_the'main drive cam and its assoeciated parts. Appli-

\ h

.lever to. lts operating p051tion and the shutter will then again

i

Open on the forward motlon of its cycle and mdke the exposuros

3

Two 1arge scale drawings have-been furn;shed show1ng

-f'the shapes of the two . cams accompanied by tables of polar coordln-'

e

Two large graph sheets show the laws of motion of the

two curtalns as they move when makxng exuosures.‘ The curve marked

_"follqwer curtain" 15 the curve from which the shape of the main

drive can has been derived; the curve marked "curtain opening"
shows the dlstance between the cedges of the leadiné and following
curtains at wach stage 1n the cycle and 1s the curve from thch‘
the shape. of tlie antain opening cam has been deraved.

When the cuftain opening cam 15 rendefed inactive by
shifting the fulcrum point of its cam follower, the leading and
following‘curtainsibcth follow the law of motion shown for the
follpwing curtain in this graph except that an overlap of .25 1nch
is mainp&ined'thruugnout the cycle.

in these two graph shaecs, the scale of degrucs‘runs
from O Lo 90 degrees because these curves are plotted in terms of

the motion imparted to the bynchro resolver whxch, in accordance

- Approved For Release 2002/07/10 : CIA-RDP67B00944R0001000600011 > 3t

. -

et - ——— g -



‘tne 112 tooth, 18 tooth, and 90 tooth gears shown in the bottom

n;v1ew of_Flg. VI.

b

B i

1‘resolver gear"
. k.

'fthey*are

shothin the top v19w of Flg.,Vl
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with the specification supplied by Perkin-Elmer, is coupled to the

main cam shaft at a gear reduction of four to one. Thus the main
cam'shaft rotates 360 degrees for each 90 degree revolution of the

resolver. This gear reduction of four to one is accomplished by

The 90 tooth gear is indicated as the “synchro’

fThe lateral relatlons of all these’gears and cams as

T

spdced betveen the two side plates of the structure are

The gearS»of-the main drive

from the . se1vo ‘motor to the main 140 tooth erve gear toge har

withh the main cam shaft and the shaft carrying the‘two sector
gears are supported between ball bearings mounted opposite'each

other i1n the two side plates.i The gears of the steﬁ—up trains

transmitting the motion from the cam followers to the finally

are supported on stude riveted into the side plates.

driven shafts
The gears have rather large hubs in which ball bearings are in-

serted Lo revolve around these studs, The ends of the studs are

chanelled to receive spring washers such as the Waldes "Truarc”

washiers to hold these gears and vedrings in place on the studs,

~

i1l. Mumerical delations in Curtain dUrive and Gear Trains

L a Curtain, Urive.

RRollers - average effective diameter f?MB; this‘is 2,359

i .
circumference,

Page 32
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Total curtain travel 23.5 inches., 10 revolutions of
rollers required.
Curtain thickness ,0013. 10 layers gives .,013 radius

build-up. . - : ’ 7 N

r,'REIler therefore should be .735 diameter and with
; 3 . S - . ‘

o

cu;tézﬁ%ggmpletely»rolied pn‘}f will reach .76l diameter.
_Tﬁe mééement is’i.7h% slow at the sméLl diahétér and an

Qqual.gmount ?aétrat the_end.,-The accumulated errér_of PO-

.sitibﬂgig‘;87% a£ eaclh end of:che run rélatlvé tolfhg;c;nter

‘position,. Compensat;on for this has been included in “the

cam figures as given. ' t

.

ks 'Geur-Train.

The main drive cam. turns the gear sectowahlch carries
thn‘Cam.fuLlower 2o.8 degreesz [ this séctur 1s vart of 2
L?j touth gear, 1t wxlf Le cufned through Lu.d teeth.

Curtain roller drive shaft gear has 42 teotl. This must
be turned 10 rerlutions.ur 429 teeth winch is 39 x L4 teeth,

Therefore step-up gears between sector and gqurtain roller
arive shaft gear must have an overall ratio of 30, |

2.7 which is identically equul Lo ié; is very ne&rly

)
the fourthr rovot of 30.(%&;)4 = 26,95, Therwfore the step-up

L “gear train consists of 4 compound gears consisting of a

543 tootn gear and a 117 tooth gear.

C. wrive to uifferential.

The opening and closing movement of the leading curtain

.
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-

relative to the following éurtain is 6.51 inches or 2.61?

revolutions of the curtain roller. The gear which drives

the roller has 56 teeth, not 42, because the driving motion

is stepped up-ln the ratio of 4 to 3 by the differential.,

Therefore 2.61? X 56 = 146,55 teeth to be ‘driven by the r12>

tdoth exterﬁal'geaf of - the differéntial ring gear.
: 2

Iherefore the motlon lmparted to the 5un gear must

cause 146, 55 dlvxded by ll?xor l 5526 revolutlon of the r)ng

L geAr. xhls 1s 105 2 teeth,pn‘, eilnternal gear of Lho rxng.

The  sun geur must rotate the same number of teeth whlch-is

105,2 divided by 26 or 3.75?_revolutions of-Lhu Sun‘géar.
1he shutter ;penlng cam qs‘dt presént designed impar(s
25,00 deprees moiiun tu the gear‘!u whitch 1t is linked,
decausy of \hd.linkage, thiis %eclor gear must have u pirloh
Ciaiweter of not less than 3-3'4 inches, préf@ranly IO,

ju .

suitable noteh vrameter 1s 1,907 1nches correspoudiag (o 23

kk
o tenttr, un Ll s pear 25,0 deproees tolat Lon o sgaels 17,303
-4 teatlii.
4 a4 37 tooth pear 1s usad on the projeocting ond oi the
a . shiaft wf Lhe sun pear, a wmovement of 3,737 revolutions will
eyual 139,01 teeth to be driver,
7 T .
i i .
A 139,01 divided by 17.375 equals £.00, Therefoure any
train of 3 compound gears, ecach of which gilves a step-uy of
2 Lo 1, may be used. The gears shown in the drawimy are
® ‘ ‘
d o ) combinations of 48 and 96 tooth gears, which permit an

.

3 :
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. ‘ arrangement in which the two sector gears driven by the two

cam followers are mounted on the same axis.

IV, Power and Ldad Considoratiéns

It is considered essontial that the curtains should

never touch the glass plates betweon which they operate. They
“ﬁ'may be subgected to an acceleratlonal load of LG, which may bo in

[ ]
“a direction additive to grav1ty, 80 we have computed the requlred

”’2curta1n tensxon in terms of a force of 5G. Th° problem 13 the well

" gknown one of the force requxred at the ends of a wire to mafntaxn
' 1t with”a glyen amount of sag. (Sokolnlkoff - “Higher Mathematlcs
fbr#Enéineers and Physicists", pége 222,) . Taking into considera-
tion ;ﬁe mass of the thin curtain, the 5G force, and allowing a
sag of .250 inch in 23 inches, we find the required tension to be
5;98 pounds, or for practical purposes 6 1D,

" This means that the springs in the réllers which are
connecte& to the actuating mechanism through the Hermeflex coup-
lings must be wound to a tehﬁion of about 5.5 pounds when the

. curtains are wound up on'them. The springs specified below have
, béen designed to give an increase in tension of 0,25 pound; when ~
: 10 turns. Therefore when the curtains are wound

lthey are woundﬂall the way in the other.dlrectxon,‘these sprlngs'
wili be exerting a tension of 3.75 pounds. The 0pposihg springs
must at all times ﬁave an excess of tension of at least 0.500 .

pounds in order to overcome the frictioﬁ in the Hermeflex and

the friction of the curtains in traveling around the'cooling tubes
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shown in Fig. V. Iffthe springs in the purely spring driven

‘E‘f“-’:'. . .“".‘

rollers are wound to a tension of 6.25 pounds when tho curtains

W . are wound up on them, they will exert a tension of 6.50 pounds

1vi when the curtains ,are drawn all the way away fro- thom. | v
€ ?Q}.?  :7  _, Tho tonsion to bo ovorcomo by tho drlving “Chanign"' i
ﬂt ;i. thon, varios botwoon 0. 5 pound and 1,0 pound. To this -ust berﬁr_w-J
;f,ﬂsé;added the frictional torque of the Hermeflex, whroh is approxinato- E

ly~0b2 pound roforrod to a radius of .37“ 1nchos." 

‘ This tonsion, which is on- ‘a radius of .3?“ on tho

.2; ro1ler,appodr¢ at the teeth of the Uz ‘tooth gaar! which has a

pitch diameter of .328 inchos. The force at the pitch line of
| s

E;:; ﬁ

this'gear, thorofore, is 2

32 times 1.2 pounds or 1. 37 pounds.

i - Each systsm of rollers and curtalns 1ntroduces this maximum force.
: The gear ratio being 30, the force on the cam follower of the main
? . driving cam, and on the teeth of the sector gear on which it is

N mountéd, reaches a maximum of 82.ppund§;

o The sector gears and the gears with which the} will

mate are to be made of hardened tool steel. Calculation on the

o

basis of the generallj accepted Lewls formula indicates that a

~

64 pitch gear of % inch face should Sustain this load safely.

‘“3",7 ~ad

However, to increase the margin of safety, if a prototype is to

|

be built we will cbange these gears to 32 diametral pitch and in-

" . crease the face width to 5/16 inch.,

The loading of the othor gears in the train with one

:exception is so much less that they present no problems of strength.

‘"’“ Lo Tt .
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ij:one of the ROO series stalnleqs steels,
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The exceptlon is the mesh botveen the teeth of the first 11? tooth
gear and the 50 tooth gear following it. At this point the load
,will reach a maximun of 30/117 tlmos 82 pounds or 35 pounds. The

faces of these gears should be increased from 1/8 inch as shown in

«_the draw1ng to 3/16 inch, and these gears also should bo made of

'i:fhardened tool steel. The . other gears can be made of mild atsel or‘

i,

The gears in the train from the shutter openlng cam to

fthe 37. tooth gear on the sun gear shaft are subJected to much

?

7?3lower pressures because the total gear ratio in. thls case ‘is only

'8 to 1 1nstead of 30 to 1. Therefore no special precautions need

-be taken to'avoid failure.

V. Power Requirement

The main drive cam moves its associated sector gear a

distance of 14 teeth against a maximum force of 82 pounds in %

'revolution, or 70 teetli of the 140 tooth gear, The maximum rate

of rise, however, is twice this average rate, so that the maximum
load on the teeth of the 140 tooth gear is not 1/5 of £2 pounds
but approximately 2/5, or 33 pounds, This is reduced by a gean4
ratio of 240 and therefoure appears at the teeth.of the motor

pinion as a load of .138 pounds. Since the radius of the pitch

‘ circle of this gear is ,078 inch, the load in inch ounces 1s only

;138 x 16 x'u0"8 or 0'172 inch ounce., The motor whlch hdb Leen

o7 w

prOposed for this' dppllcatlon has a torque ratlng of L.5 inch
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ounces at maximum power output and a stall torque of 2.8 inch

ounces, It is clearly more than adequate, ‘However, this analysis

. ignores friction in the System, and it may not be unreasonable,

h . ) '

w therefore, to use a motor of this size, N

1. - ’

0 VI, Meight . ;

':‘ - ." . S .‘- \ N - .

5 S WB have calculated the welght of the constxuctlon as .

; ;;y closelw as p0531ble assumlng that all parts dre made of steel and_

3';“1 ,‘um1ng a: rlbbed structure for the side plates and as much re-

jg" B ductlon of the gear welghts as. is practLCdJ by reducxng the “thick-
;-nesqes of the webs back of: the teeth dnd drllllny holes to llghlen

g '. .the gears. fhe result is a welght of 6.78 pounds fcr the dctuatlng

mechanLNm 1nclud1ng Lhe servo motor, the synchro resolver, and the

.,

M . 'auxiliary motor. The weight-of the curtuin rollers, the curtains,

the sUppuri brackets for

i the curtains, und the letmeflex COUplngb
i3 , . .
will be close to &4, ow pounds, making the total weight of the cur-
4 B
©tain system, apart from the frame in and on whichi 4t is to be 1n-
- : ‘

stalled, 11.43 pounds.

If the side plates, spacing pusts, and as many of 1he

/

shafts ‘as possible are made of titanium 1t appears that aboult

= s

2% pounds can bLe saved. The saving by the use of titanium 13 nuot

P

tapressive, since i1t s probably not practical to make the gears

3
Or the curtain rollers of this material,

xi;. s

: e 38
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 V1l. Curtain Spring Specification

On thé basis of formulas given in Wohl, "Mechanical

Springs™ we have found that the following springs will probably
~

~do about what is required in the curtain rollers: . ", N

‘ .';026'diametér pian; wire.

1}No,‘0f turns, free L;FIUQ.‘_g

 Héximum win@ihgi_260#fﬁrns.
Diuméier_6f h§i¥x,?%;é;, I.ng-inbﬁe§,
‘Diameter,'fu]ly}yognd . 356 inéh;f

- Tensian, fully wournd, measured‘on'circumference-of
" roller, 6.5 pounds. '

.Change 'in tension with 10 turns, 0.25 podnds,

Obviously the spring will have to be_partly wound to get

it insiae the hollow roller, but this is of nu consequence as it -

L]
is always used nearly fully wound., Fully wound 1t will have a

spindle of the curtain

Little play arcuna the 312 diameter center'

roller,
The maximum stress in the spring wire 1s sligitly less

ok ’ [}
than the maximum value recrmmmended for this type of wire by asohtl,

Vil deliablility

The least reliable elements 1n the system are prububly

the nermeflex couplings, The enginecer in chiarge of design of tliiese

mts recommended that they be changed after each 3000 cyéles of

. operation, Failure would probably be due to lubrication failure, .
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3 ' since the construction does not lend itself to good lubrication

k of the;two bearings at the ends of the unit. Furthermore, the

? inner bearing must be luoricated with Dow Corning High Vacnum

: .grease, which 15 not an outstandingly good 1ubricant. _ ' Yo

r - - /

1' | The curtains are unlikely to fail, since the tensions ,

o of the ribbons. The curtains move slowly and are never subJected ) :
? brupt changes of velocity, therefore they will not be subJected

¥

bimilar curtalns used in other struc-

......

dlsruptive stressesy

ﬁ o '«_-‘\-i
\ T
R

-onlflexure alone, except posslbly after several hundred thOUSand

\

'cycles of operation.
The ball bearings in the system are not subjected to

“heavy loads with three exceptions. These are the bearings on the

ﬂ/}‘

Mmain-drive cam" side-  of. the structure on the main drive cam shaft,

'on the cam follower shaft, and on the shaft of the first gear in

b

mesh with the cam follower, These bearings are loaded almost to

the limit indicated in tne Barden catalog as the acceptable lcad-

Lo A‘

ing for 500 hours design life at low speeds. 500 hours life at

:_‘_.
-

100 rpm would Le 3 million revoluf{ions. Since the stated "average

-

life" of the Uearings under these tonditions is 2500 hours it does

not appear that these beerings are likely to fail, HOwever, the

£y

effect of the moderately high temperature environment cannot be

predicted, since no data are available,

e o ’ ‘ ' Page 40
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The cams, cam followers, and gears may be expected to
last for very long times if they are made of good tool steel pro-
perly heat treated.

The expected life of_the servo components is not in-

N\ -
- ‘ o STATINTL

dicated by the manufacturer. B ?
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L NOTE ~  ALL.EDGES Mugr
BE SWVARE.

‘ . RRER D CURTAIN |
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